to explain its ergogenic action.
The aim of this study was to carry out a systematic review and meta-analysis of the effects of events lasting from a few minutes to several hours. 1 The key mechanism by which caffeine is 56 believed to exert its effect is via the antagonism of adenosine receptors, leading to increases 57 in neurotransmitter release, motor unit firing rates, and pain suppression. 4 However, the 58 ubiquitous nature of adenosine receptors, coupled with their ability to produce differential 59 responses depending on the site of action and the receptor subtype involved, has made it 60 difficult to identify the precise mechanisms by which caffeine exerts its ergogenic effect.
62
One of the problems with trying to evaluate the mechanisms by which caffeine improves 63 high-intensity endurance performance is that the associated physiological responses are likely performance-based test, often as part of a warm-up or when attempting to simulate the steady 68 state conditions that typically occur in the early stages of endurance events, the results 69 contain some discrepancies. For example, whilst some studies have found no effect of 70 caffeine on minute ventilation (V E ), [5] [6] [7] [8] [9] [10] [11] others have reported a significant increase.
12,13

71
Similarly, many studies report no effect of caffeine on respiratory exchange ratio
72
(RER), 6, 8, 9, 11, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] though some have reported a significant decrease, 10, 12, [24] [25] [26] 
Results
154
Heart rate
155
Relative to placebo, there was no significant effect of caffeine on heart rate ( Figure 1) between those studies that administered caffeine in a drink format (Table 2 ). Nevertheless,
161
there were still no effects of caffeine on heart rate, regardless of subgroup, and there was no 162 evidence of heterogeneity between subgroups (Table 2) .
164
Oxygen uptake
165
The effects of caffeine on V O 2 during submaximal exercise are presented in Figure 2 .
166
Relative to placebo, caffeine had no significant effect on V O 2 (D = -0. between the supplementation method subgroups (Table 2) . (Table 2) .
208
Nevertheless, the significant effect of caffeine on [BGl] remained in each subgroup, though
209
there was evidence of moderate heterogeneity between the exercise intensity subgroups 210 (Table 2) .
212
Discussion
213
The aim of this study was to carry out a systematic review and meta-analysis of the effects of . In contrast, caffeine had a significant suppressive effect on RPE, and no effect on 217 heart rate, RER, or V O 2 . Despite similar methodological approaches adopted by the studies 218 included in the meta-analysis, there were several instances of moderate to high heterogeneity; The key mechanism by which caffeine is believed to interact with human tissue, and thereby 227 influence endurance performance, is via the antagonism of adenosine receptors. 
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